ABSTRACT
INTRODUCTION
subjects were monetarily rewarded at the end of the recording session. Apart from the monetary compensation for overall participation in each session, extra reward was given 150 based on the number of correct trials.
151
FOLLOW task: In this task ( Figure 1A ) the targets remained on the screen throughout 152 the trial. In no-step trials, the appearance of the target acted as a 'GO' signal for the subject to 153 make a saccade to the target. In step trials the first green target was followed by a second red 154 target after a random target step delay. Subjects were instructed to visually follow the 155 locations of two targets with sequential saccades, fixating the respective targets within an 156 electronically drawn window of ±2.5º centered at the target. black) after a short intersaccade interval (29.8 ± 4.4 ms), whereas on some trials, although a 220 saccade was initiated to the initial target location, subjects made a correction online, resulting Those trials where subjects failed to correct the midway/ hypometric saccade in the 239 REDIRECT condition; or saccades to the first target followed by another saccade to the 240 second target in the FOLLOW task, were not rewarded.
241
Figure 2 around here In the FOLLOW task (figure 1A), subjects were rewarded for making two sequential 244 saccades. Trials in which subjects' eye trace landed directly at the location of the second 245 target or subjects made a saccade only to the first target, were not rewarded. In the
246
REDIRECT task (figure 1B), subjects had to cancel the partially planned saccade to the first 247 target, and make a saccade directly to the second target. Thus, though the retinal information 248 in the two tasks was the same, the two tasks entailed different movement programs to be 249 instantiated for successful performance. However, in many cases, subjects failed to cancel the 250 saccade directed to the first target (error saccade 'e' in figures 1B). Such erroneous trials were then followed by a second 'corrective saccade' ('c' in figure 1B) directed to the position 252 of the second target. Thus, the sequential saccades produced in the REDIRECT task reflects 253 error correction, in contrast to the FOLLOW task where it is part of the correct response.
254
The performance of subjects in both tasks was described using a compensation 255 function, which plots the probability of making a saccade to the initial target with target step 256 delay. The right columns of figure 1A and 1B depict the performance of a representative 257 subject in the FOLLOW and the REDIRECT tasks, respectively. In the FOLLOW task, since 258 subjects are to make sequential saccades, this probability is not affected by the target step 259 delay. But in the REDIRECT task, where the subjects are required to cancel the initial pre-260 programmed saccade, the probability to saccade to the initial target increases with the target 261 step delay. The increasing compensation function is expected because at larger target step 262 delays the cancellation of the pre-programmed saccade becomes difficult, hence increasing 263 the probability that the initial saccade will finish before the second target. These differences 264 in performance were quantified by fitting a cumulative Weibull function:
where t is the target step delay, α is the time at which the inhibition function reaches 268 the sum of 63.2% of its maximum value γ and 36.8% of its minimum value δ, β is the slope 269 (Ray et al., 2009) . Since the term (γ-δ) describes the increase in the probability of making a 270 saccade directed at the first target, we used it as an index to describe the monotonic 271 dependence of the data as a function of TSD and to quantify the degree of cancellation. figure 3B ). This is a consequence of the different instructions given to subjects in 294 both tasks. While in the FOLLOW task, saccade averaging is expected as a collision between 295 movement programs (depicted as GO1 and GO2 in figure 3B ) directed at the initial and final 
307
(light grey squares) tasks. In the FOLLOW task, subjects produced 19.65 ± 1.13% and 5.01 ± 308 0.82% of midway and hypometric saccades, respectively. In the REDIRECT task, subjects 309 generated 9.92 ± 1.25% and 24.77 ± 1.79% of midways and hypometric saccades, respectively. We performed a two-way ANOVA with task type (FOLLOW/REDIRECT) and 311 trial type (midway/hypometric saccades) as factors. There was a significant interaction 312 between the task type and trial type (p < 0.001; F = 129.46). Further planned comparisons revealed that the extent of midway saccades was significantly more in the FOLLOW task 314 than in the REDIRECT task (t =5.31; p<0.001). On the contrary, the percentage of 315 hypometric saccades was significantly more in the REDIRECT compared to the FOLLOW 316 task (t =10.78; p < 0.001). Within each task, the percentage of midway saccades was 317 significantly more than the percentage of hypometric saccades in the FOLLOW task (t = 318 7.99; p < 0.001); whereas in the REDIRECT task, the extent of hypometric saccades was 319 significantly more than the midway saccades ( t =8.10; p < 0.001). This difference in the 320 types of errors produced in the two tasks suggests that averaging is sensitive to the 321 differences in the cognitive architecture demanded by the different tasks, since the 322 retinal/sensory information in the FOLLOW and REDIRECT tasks is the same. latencies than target-directed saccades (Chou et al., 1999; Coeffe and O'Regan, 1987; 417 Findlay 1981a 417 Findlay , 1997 Jacobs, 1987; Ottes et al., 1984 Ottes et al., , 1985 Walker et al., 1997) . In contrast, 418 in our study the latencies of these midway saccades were comparable to target-directed Such a model, however, does not provide an explanation of how hypometric saccades can be 528 generated in the REDIRECT task unless we assume that the second GO process 529 automatically activates a foveal signal that attempts to inhibit the first saccade. This being the case, it is not evident why such an automatic response should not occur in the FOLLOW task, 531 where hypometric saccades are not typically observed. However, in our tasks, the fixation 532 point disappeared with the visual stimulus presentation, preventing direct activation of a 533 foveal stop/inhibitory signal. Thus, a GO-GO model that can explain midway saccades in the 534 FOLLOW task, fails to explain midway saccades and even hypometric saccades in the 535 REDIRECT task. This prediction is in congruent with the past work (Camalier et al., 2007; 536 Kapoor and Murthy, 2008; Ramakrishnan et al., 2012) where it was shown that GO-GO 537 model fails to fit the reaction times of the compensated and non-compensated saccades in 538 REDIRECT double-step and search-step tasks.
539
We propose that performance in the REDIRECT task, similar to previous studies for REDIRECT behavior, the GO1-GO2+STOP model permits concurrent activation of all three processes. Such architecture, allows for the interaction of GO1 and GO2, as in the 555 FOLLOW task, predicting the occurrence of midway saccades in the REDIRECT task.
556
However, because the shorter STOP process is expected to cancel the GO1 process before it 557 can interact with the GO2 process, the interaction between GO1 and GO2 processes is individual subjects in the FOLLOW and REDIRECT tasks. All but one subject generated 851 more hypometric saccades in the REDIRECT task than in the FOLLOW task. In contrast, all 852 subject generated more midway saccades in the FOLLOW task than in the REDIRECT task. 
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